Introduction Laparoscopic pyloromyotomy (LP) is becoming increasingly adopted in the management of patients with infantile hypertrophic pyloric stenosis (IHPS). We encountered few difficulties during the performance of laparoscopic pyloromyotomy initially so few modifications were done in the technique. We retrospectively analyzed and compared our patients who had undergone LP before the implementation of the modification with the patients operated after implementing the modifications. Materials and methods Retrospective analysis of the data of patients with IHPS operated in the Department of Pediatric Surgery; AIIMS Jodhpur from May 2016 to February 2019 was done. Medical records were reviewed for demographic data, physical findings, operative details, time to achieve full feeds, post-operative emesis, postoperative length of stay, complications, and follow-up. We compared our initial seven cases before the implementation of modification (cohort A) with the 11 cases after the implementation of these modifications (cohort B). Results The mean age and weight of the patients at the time of presentation was 44.2 days (range 30-120 days) and 3.25 kg (range 2-4.1 kg), respectively. The mean follow-up duration was 8 months. Both the cohorts were comparable in terms of mean age and weight at the time of presentation. The difference in duration of surgery, time to full feed and time to discharge was significant with a p value of < 0.0001, 0.0144 and 0.006, respectively. Conclusion LP is a safe, simple and easy to learn procedure that can reproduce the results of open Ramstedt pyloromyotomy.
Introduction
Infantile hypertrophic pyloric stenosis is the most common cause of gastric outlet obstruction in infants [1] . Ramstedt pyloromyotomy is the operative procedure of choice. Open technique with the right supra-umbilical transverse incision is the standard approach. The laparoscopic pyloromyotomy is becoming increasingly adopted in the management of patients with pyloric stenosis [2, 3] . It is also usually a beginning to neonatal laparoscopic surgery. We encountered few difficulties during the performance of laparoscopic pyloromyotomy initially so few modifications were done in the technique. We retrospectively analyzed and compared our patients who had undergone laparoscopic pyloromyotomy before the implementation of the modification with the patients operated after implementing the modifications.
Materials and methods
Retrospective analysis of the data of patients with Infantile hypertrophic pyloric stenosis (IHPS) operated in the Department of Pediatric Surgery, AIIMS Jodhpur from May 2016 to Feb 2019 was done. Medical records were reviewed for age, sex, history, physical findings, diagnostic studies, treatment, operative details, time to achieve full feeds, postoperative emesis, postoperative length of stay, complications, and follow-up. All patients underwent surgery after correction of fluid and electrolyte abnormalities. Complete hemogram, serum urea, creatinine, blood gas analysis were done to assess the general condition of the patient and Ultrasonography of the abdomen was done to confirm the diagnosis. Serum bicarbonate < 30 mEq/L, serum chloride > 100 mEq/L, and serum potassium > 3.5 mEq/L were considered as the markers of successful resuscitation. We compared our initial seven cases before the implementation of modification (cohort A) with the 11 cases after the implementation of these modifications (cohort B). One patient was converted to open surgery due to the technical failure of the insufflator. This patient was excluded from the study.
Modified technique
The patient is positioned transversely across the table. The monitor is placed at the head end of the patient. The surgeon, assistant and scrub nurse stand at the foot end of the patient. A 5 mm intraumbilical port is placed to hold a 5 mm, 30-degree telescope. Carbon-di-oxide pneumoperitoneum is established at a maximum set pressure of 8 mmHg. As one of the modification, we no longer use working ports and working instruments are directly placed through two stab incisions medial to the anterior axillary line, below and above the umbilicus on the right and left side, respectively. Operation table is tilted in right side up and head end up position to displace the bowel loops from the operative field. The bowel grasper is inserted through the right side stab incision to grasp the duodenum just distal to the pyloric olive. A 3 mm hook electrocautery instrument is inserted through the left side stab incision. The pyloric serosa is scored in the avascular plane from the pre-pyloric vein, well into the gastric antrum using the hook electrocautery in cutting mode ( Fig. 1a ). Use of electrocautery in cutting mode instead of coagulation mode for scoring and deepening the incision is another modification to prevent charring of the tissue that makes the deepening of the incision rather difficult. It is ensured to deepen the incision adequately before any attempt is made to split the pyloric muscle. The depth of the incision is considered adequate when it accommodates the 3 mm hook instrument from the heel to the tip. Once the adequate depth of the incision is achieved, then the pyloric muscle spreader or 3 mm Maryland dissector is used to split the muscle. Gentle but persistent spreading force is used at the mid portion of the incision for the easier accomplishment of the desired pyloromyotomy with the pouting of the gastric mucosa throughout the length of the incision (Fig. 1b ).
Results
During 17-months, period (May 2016-Feb 2019) 19 patients of IHPS were admitted in our department. All underwent laparoscopic pyloromyotomy performed by the senior surgeon. One patient was converted to open surgery due to the technical failure of insufflator. This patient was excluded from the study. There were seven patients in cohort A and eleven patients in cohort B. There were 2 females and 12 males (M:F = 6:1). The mean age and weight of the patients at the time of presentation was 44.2 days (range 30-120 days) and 3.25 kg (range 2-4.1 kg), respectively. The mean follow-up duration was 8 months. Both the cohorts were comparable in terms of mean age and weight at the time of presentation.
Persistent vomiting was the presenting symptom in all the patients. The visible peristaltic wave was present in three patients and pyloric olive was palpable in 6 patients at the The mean (± SD) duration of symptoms was 14.5 (± 10.8) days in cohort A and 14.1 (± 6.7) days in cohort B. The average length of hypertrophied pylorus was 20.2 mm ± 2.96 mm and muscle thickness was 5.76 ± 0.894 mm. Three patients had deranged renal parameters with high creatinine (> 0.6 mg%) at the time of presentation. Dyselectrolytemia was present in 11 patients and metabolic alkalosis was present in fourteen patients. It took 1-4 days (mean 2.1 ± 0.85 days) to correct fluid and electrolyte abnormality before surgery. Mean (± SD) duration of surgery was 64 ± 6 min in cohort A and 45 ± 7.2 min in cohort B. p < 0.0001. Mean (± SD) time to full oral feeds was 18 ± 6.8 h in cohort A and 11 ± 4.1 h in cohort B. p = 0.0144. Mean (± SD) time to discharge was 32 (± 2) h and 28.4 (± 1.6) h in cohort A and cohort b, respectively. p = 0.006 (Table 1) .
One patient in cohort A had postoperative vomiting requiring gastric drainage for 12 h. Post-operative analgesia was given on the first postoperative day and an average of two doses of paracetamol was given.
The difference in duration of surgery, time to full feed and time to discharge was significant with a p value of < 0.0001, 0.0144 and 0.006, respectively.
Discussion
Laparoscopic surgery has become a standard for even the most advanced surgeries in adults, but in neonates and young infants, the MAS is also in its infancy. There are very few procedures in neonates, which are being performed routinely. Small working space, less physiological reserve and risk of hypothermia due to prolonged CO 2 insufflation, high incidence of associated congenital anomalies are only a few of the deterring factors in neonatal MAS [4] .
The laparoscopic pyloromyotomy is usually the beginning to neonatal MAS in any center. It was first performed in France by Alain in 1990 and subsequently reported in the following year [5] . Though there are arguments that laparoscopic pyloromyotomy exposes the patient to undue risks compared with the open technique of open pyloromyotomy but it is increasingly being adopted by more and centers as a standard technique.
The efficiency and excellent results of Ramstedt procedure can be understood by the fact that the need to look for an alternative procedure has not been felt in the last 100 years. The simplicity of approach, requirement of minimal dissection and no need for suturing, short duration of surgery and the excellent outcome are characteristics of Ramstedt operation. These attributes also make it an ideal tool for testing newer modalities of MAS [6] .
Many prospective randomized controlled trials have well-established that results of laparoscopic pyloromyotomy are at least equivalent if not superior to the open pyloromyotomy [3, 7, 8] .
Multiple meta-analyses have been conducted to compare laparoscopic and open pyloromyotomy. Except the first meta-analysis conducted by Hall et al. in 2004 , all other meta-analyses have found that the overall complications, time to full oral feeds and length of hospital stay after laparoscopic pyloromyotomy is either less or equal to the that of the open pyloromyotomy [9] [10] [11] [12] .
Bufo et al. initially described a safe laparoscopic technique by the use of an arthroscopy knife and specialized laparoscopic spreader but arthrotomy knife became unavailable for sale after the year 2010 [13, 14] . Jain et al. described the use of 3-5 mm hook with electrocautery for incising the pyloric mucosa and for deepening the muscle. Maryland dissector was proposed for spreading the muscle [15] .
When the laparoscopic pyloromyotomy procedure was started at our institute, we faced a few difficulties in conducting the procedure smoothly. Some modifications were done in the surgical technique to negate these technical issues. One of the modification was to place the working instruments directly through the stab incision instead of using working ports. During the early part of the experience, ports were being used routinely. However, this surgery is of small duration that does not require any intracorporeal suturing or frequent instrument changes. Thus, direct placement of instrument leads to better ergonomics in the small working space of neonatal abdomen. It also avoids the frequent loss of pneumoperitoneum even with a minor port site leak in neonates. During the early part of the experience, we were concerned about the bleeding during the pyloromyotomy and used electrocautery in the coagulation mode. The second modification was to use the electrocautery in cutting mode instead of using it in coagulation mode for deepening of the pyloric incision. The electrocautery in the coagulation mode chars the muscles and makes the deepening of incision in muscle difficult. This problem can be avoided using the cautery in cutting mode. The third important point to keep in mind is that the muscle must be deepened to the adequate depth for the easier splitting of the hypertrophied muscle. It was found to be very important to deepen the incision adequately otherwise muscle splitting may be difficult and may even lead to incomplete pyloromyotomy. Initially, we had difficulty in determining the adequacy of the depth of the incision. One of the ways to assess the adequacy of the depth of the incision is by deepening it until the depth is deep enough to accommodate the hook cautery from heel to the tip. The depth of the 3 mm and 5 mm hook cautery is 2.5 mm and 3 mm that is less than the depth of pyloric muscle (> 4 mm) thus it is safe to be bold enough to deepen the muscle until that depth. If the pyloric spreader is not available then Maryland dissector also can be used effectively for splitting the pyloric muscle. Another important point is to apply gentle but persistent spreading force at the midportion of the incision to achieve the best result in the form of pouting of the gastric mucosa throughout the length of the incision.
There is a statistically significant reduction in the duration of surgery, time to achieve full oral feeds and postoperative length of hospital stay after the implementation of these technical modifications. Though these results cannot be attributed only to the technical modifications as the first seven cases were also during the early part of the learning curve but these modifications did improve the successful smooth conduction of the pyloromyotomy. Our journey of conducting laparoscopic pyloromyotomy also highlights the learning curve of surgeons at the initiation of any new procedure. It also establishes the fact that various technical modifications are invariably required as per the available instruments, infrastructure, technical support and technical skill of the surgeon.
Conclusion
The Laparoscopic pyloromyotomy is a safe, simple and easy to learn procedure that can reproduce the results of open Ramstedt pyloromyotomy. It can be performed with the routine laparoscopic instruments without the need for any special instruments. Few technical modifications can help in smooth conduction of the procedure.
